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SUMMARY . 



Tests were made in the 20-foot propeller-research 
tunnel to investigate the possibility of obtaining in- 
creased net efficiencies of propeller-nacelle units by 
enclosing the engines in the wings and by using extension 
shafts. A wing of 5-foot chord was fitted with a propeller- 
drive assembly providing for several axial locations of 
tractor propellers and pusher propellers. A three-blade 
4-foot propeller and a three-blade &|-foot propeller of 
special design were tested on this wing with spinners and 
fairings ranging in diameter from 6 to 16 inches. A 16*r 
inch NAOA cowling was tested for comparative purposes. 
Two types of cuffs were also employed. 

It was found that the net efficiency of a convention- 
al round-shank propeller mounted on an extension shaft in 
front of or behind a wing increased with an increase in 
the diameter of the spinner and the shaft housing within 
the scope of the tests. The largest spinner used had a;" 
diameter that might favorably compare wi-th that of a 
radial engine cowling. 

The efficiencies for the pusher position appeared to 
be more critically affected by spinner size than those for 
the tractor position. The spinners with large diameters 
for the pusher position resulted in a higher efficiency 
than those for the corresponding tractor arrangements; the 
reverse was true for the jam&ll spinners. 

The use of propeller cuffs in combination with a 
spinner o^ 'small diamet er generally resulted in net effi- 
ciencies that were comparable with those found for the 
l^rge-spinner combinations;.'" 
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IKTHOBUOIIOir 



The drag of engine nacelles on mult iengine airplanes 
is often from 15 to 250 jp&rcent of tlie total drag. This 
fact suggest s that the engines should 'be entirely enclosed 
within the wing and the propellers should he driven through 
extension shafts, . _ 

The prohleffls that arise in the consideration of the 
extension-shaft arrangement are? 

1. The gain attained bj the elimination of nacelles 

if the drag of the optimum size of extension 
shaft is considered 

2. Tile hest location of the propeller 

3. The relative merits of the t racto r-propelX.er aftd 

the pusher^fpropeller arrangements 

4. IJh© optimum diameter of the shaft fairing and the 

spinner , ." 

5. The relative merits of cuffs and large spinners 

for covering the cylindrical portions of 
preseiit-day propeller hlades. 

The investigation herein reported was made for the- 
purpose of ohtaiaing the information that would help, to 
answer these questions. The tests were made as a contin" 
Uation of the investigation of the wing- nacelle-propeller 
comhination in the 20"foot tunnel (references 1, 2, and ■ 
3), which included tests of several model wings combined 
with various coffibinations of cowled and uncowled engines. 

.APPARATUS 

The tests were made in the NASA 20~foot wind tunnel. 
(See reference 4.) The return passages of the tunnel have 
teen slightly altered iind a hew six-element balance has 
been installed since reference 4 was written. The set-up 
for these tests consisted essentially of a .segment of a 
wing to which a propeller-drive assembly, a propeller, a 
shaft fairing, and a spii}ner could be fitted. A pusher- 
propeller wing extension- shaft arrangement mounted for 
test is shown in figure 1. 
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Wing_.~ An UACa 23018 wing with a 5-foot chord and a 
15-foot span and with a wood covering of l/S inch was used 
for the first tests in this series. During the tests the 
wing was covered with' sheet aluminum l/ 16 inch thick; this 
additional covering increased the chord to 5«0&2 ffeet and 
increased the area from 75 to 76. 8 square feet. 

Propeller drive ,- A motor extension- shaft assemhly 
was fitted iatc the wing, as shown in figure S. " Three 
shafts of different lengths were used to obtain different 
axial locations of the propeller. The motor used to drive 
the propeller, the alternator, and other equipment to sup- 
ply the proper current are descrihed in reference' 

P rope ll er s.- A three- "blade, 4-foot model of a, Harnilton 
Standard 6101 propeller was used for most qf the testsi. 
The blade-form curves for this propeller are presented in 
reference 8. The KAOA 7099 three-blade, 3-|-foot "pfOf eller 
was a;lsb used. This propeller is of a special desiglx. in- 
corporating- the UAGA 16- series airfoils with low thickness 
ratios extended inward almost to the hub. It has a basic 
pitch angle of 39.5° at "the 0.7 5 radius. The blade-form 
curves of the HAOA 7099 propeller are shown In figure 3, 

Fai rings, spinners, and cowling . - A numbe r o f ' she e t- 
aluminum fairings and spinners were made to provide spin- 
ner diameters of 6 and 10.7 inches for the 6101 propeller 
in the pusher position and diametersof 6.0, 8.0, 10.7, and 
16.0 inches for the same propeller in the tractor position. 
Pour lengths of spinners of 6-inch diameter were made for 
the pusher-propeller position: three length^ with aa el- 
liptical longitudinal section and one length with a sharp- 
pointed section. An 8-inch diameter spinnei^ and fairing 
were used for the NAOA 7099 propeller. A 16- Inch ITACA 
cowling described in reference 3 was also tested. figure 
2 is made up of sketches of these fairings and spinners 
in all the arrangements tested. Figure '4 Is a sketch of 
the UACA cowling. photographs of ^the tractor- propeller 
•and the pusher-propeller extension-shafi arrangements are 
shown in figures 5 and 6, respect ivelyi 

guf fs.- Two types of cuffs were designed and bui.lt 
for the 6101 propeller. (See fig. 7.) Figure 8 is a 
photograph of the set-up showing cuf^' I, 
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MEflODS 



The propeller speed was measured "by an electxic ta-. 
ohometer; a magneto type of tachometer was nsed for tlie 
first part of the program aad a condenser type was used 
for the last part. The torque was ohtalned from a cali- 
hration involving the power input to. the motor, the motor 
speed, and the alternator field current*- (See reference 
2.) 

Wind-tunnel tests were of three, types:, measijirement 
of lift and drag of the wing, with aiad without nacelles, 
for a range of angle of attack at a constant air speed of 
about 80 miles per hourj measurement of lift, and drag of 
the wing, with aiid without nacelles, for an angle of at- 
tack of 3° at air speeds . vary ing from ^0 to 100 miles per 
hour; and measurement of lift and -resultant hprizontal 
force on the wing, with propeller operatsing, for aa aagle 
of attack of 3°. for these propeller tests, the air speed 
and the propeller revolution speed were varied to olJtain 
values of the advance-diameter ratio v/nD froai zero to 
the values for zero thrust.' In every.case peak efficiency 
occurred at the highest air speed - ahout 100 miles per 
hour. - . , 



SYMBOLS AHD COMPUTAflOUS 

q dynamic pressure of air (l/2 p.V^) 

p mass density of, air 

V Telocity of air stream 

n propeller revolution speed 

H balance reaction, (excess of thrust of propeller over 
drag of body) . 

«p propulsive thrust (a + drag of body without propeller) 

D diameter of propeller , • 

S area of wing 



Cj) wing drag coefficient' ^ ^f"- ^ 
0^ wing lift , coefficient 

ptopulsivis thrust coef jTicient ^^^^^4 ^ 

/. power \ *. 
Op power; coefficient . .(^ -^5^g J 



nB 



a4va,nce-diameter ratio of propeller 

0 J : V 

T|o net efficiency . Cri - K.D.F,) 



r\ propulsive efficiency q"" / 



Og ' ; speed-power coefficient 'h~ ^^^^^ 

U.D.J-. nacelle drag factor f S^a c|l ie^dr a£ / 1 

L 2qD Cp \nr/ J 



Power coefficients Cp , propulsive tlirust coeffi- 
cients 'Cip, and. propulsive efficiency" T) were computed 

and plotted against the advance-diameter ratio ?/n5 for 
all the propeller ...tests, A set of typical .curves and test 
points - is shown in figure 9. Values of .ithe speed^power 
coefficient Cg were calculated from, faired values from 

these curves. The drag at a dynamic pressure of 25 pounds 
per square foot (an air speed of approx. 100 mph) of each 
exteusion- shaft comhination was derermlned- frona faired 
curves ohtained from the 3° angle-of-attack measurements. 
Ihese drag increments ware used to compute the dLrag- 
coefficient incr-em©n-ts and the nacelle drag -factors. Het 
efficiencies were determined and were .plotted against ■ Cg. 

The faired envelopes of these curves 4re given iii ihis 
report, •• . • • ' 
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The resTilts of these tests are shown in terms of lift, 
drag« net efficiencies, and speed-power coefficients. 

Lift and drag charapt eri stic s of the wing alone are 
shown in ftgtire 10. ligure 11 shows the lift and drag 
characteristics of the wing with extension shafts and 
fairings for trfictor propell.ets, and figure 12 gives sim- 
ilar information for the p-asher-propeller arrangements. 
In figure 13 extreme limits of the curves of the lift and 
drag characteristics for the. wing alone are compared" with 
the limits for the wing wit'h tlie extension:- shaft arrange- 
ments. The increments of drag coefficient due to the var- 
ious nacelles are shown in figure 14» 

The envelopes of the net efficiency of the 6101 pro- 
peller in the tractor-propeller.. arrangements are shown in 
figure 15; the envelop*es for the pusher-propeller arrange- 
ments are shown in figure 16. In figure 17 the efficiency 
of the lAOA 7099 propeller in tractor and. pusher arrange- 
ments is compared with that of the 5101 propeller. The 
tractor-propeller and the pusher-propeller arrangements 
are compared in figure 18. ' 



DISCUSS ION 



The. discussion is divided into four parts: the lift 
and drag characteristics of all arrangements, the net- 
efficiency results of the tractor-propeller arrangements, 
the net'-ef f icieacy results of pustier-propeller arrange- 
ments, aa^ a comparison of the tratstbrs-profeller and the 
pushers-propeller arrangements-. 

Lift and" Drag Ohsiract eristics of ■ Aill Ar^iaftgeaeots 

The curves of Oj) plotted S-gainst Cj,' for the wdng 

alone' (fig. 10) , ohtalned. frop t.est s made' at different 
times' ^at an air speed ahout 80* mile's per hdur, do not co- 
incide; .TJut they do agree at lift coefficients near 0.2, 
corresponding to the angle at which ei,ll propeller tests 
were run. for the extension-shaft arrangements there is 
a spread in the curves of 0^ plotted against Oj) for 
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the different conditions (figs. 10, 11, 12), particularly 
at higli lift coefficients, tiat the variation does not cor- 
relate with the spinner size. 

In figure 14 are shown the extension-shaft drag in- 
crements to the "wing drag coefficient. The group of • 
points plotted for the tractor-propieller nacelles lies 
ahoye that for the pusher-propeller nacelles, which indi- 
cates a higher drag for the tractor-propeller nacelles; . 
the scattering of these points is large, however, and the 
twa "groups overlap. The curve from referene© 8 indicates 
increasing drag with increasing nacelle diameter, and the 
test points of the nacelles in the tractor position 1 and 
pusher position 4 have a similar tendency. The greatest 
increment of dra'g represented is alJOttt '2 pounds. Because 
the halance error may he as large as 0*4 or <).S pound aiid 
■because- the various extension- shaft nacelles are not all 
geometrically similar, the scattering of. points seems not 
unduly large. 

ITet Efficiency of Tractor-Propeller Arrangements 

Before these curves are "discussed, it may he well to 
note that the use of model propellers resulted in low 
Eeyno-lds numhers and', consequently, in relatively low ac- 
curacy. The precision of these efficiency results is he- 
lieved to he, for the most part, ahout ±3 percent. Unless 
otherwise stated, only the 6101 p'ropeller is included, in 
the following discussion, ■ . - ' ^ 

Spinner .size.- As shown in figure 15, the' net effi-; 
ciency of the tractor-propeller ext ension- shaft comhina- 
tion increased fairly consistently . with increases in^ spin- 
ner size withih'the scope of the tests, part icnlarly for 
the high va3,ues of Cg that correspond to high, forward 

speeds;. This t rend can "oe accounted' for hy the fact that 
lar.ger spinners cover up more of the poor sections of the 
prppellers, which' is particularly important . for . the high- 
speed-flight conditions. This effect is in agreement with 
results given in reference 6. 

Oompar.isbn of ^^^c^o r-|)ropeiler ext en si o n- shaft a r- 
jLang-em en ts .and .HaCA ,.C0'crlin^_aTraj3_gem^ The net effi- 
ciency found for the 6101 propeller wlt£ the-lS^inch lAGA 
cowling (fig. 15) is 0 to 8 percent- lower than that found 
for the 16-inch spinner, the heet of the extension-shaft 
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arrangements. (Tlxe HAOA cowling tests from reference 3 • 
were corrected for cooling air flow according to tli© rela- 
tion 

increase in .dra« coefficient = Conductivity / P^^^sure drop >cro^ the engj ^ex 

\ dynamic pressure / 

which takes into, account only the losses through the en- 
gine haffles.) It should "be noted that the extension- 
shaft arrangement resulting in, the highest net efficiency 
is ahout ,aa large as a radial engine that might he used 
with this propeller. I'hls fact suggests that, if the drag 
of the radial engine cowling could he reduced to that of 
an extension shaft haying the same diameter, there would 
"be no advantage in hurying the engine in the wing. 

Another method for reducing the drag of . 
shanks is by the use of cuffs. Cuff I was tested in eom- 
hination with a 6- inch spinner; the resulting efficiency 
was equal to that of, the propeller with the 8- inch and 
10- inch spinners. Lack of time prevented further experi- 
ment with, cuffs for the tractor propeller. 

Distanc e of the , propeller in front of t he wing .- 0 f 
the three axial positions of the tractor propeller, the 
intermediate position (ahout 30 percent of the chord for- 
ward of the leading edge) was the "best , the' dif f erence in 
efficiency hetween positions 2, 1, and 3 varying f rom 0 
to 4 percent (fig. 15). fhere was little difference for 
positions 1 and 3. . 

Uet Efficiency of Pusjier-Propeller Arra9gementt,s 

Spin n er size .- fhe pusher propeller with the larger 
spinner had the higher net efficiency, as was the' case 
..with the tractor-propeller arrangements. (See fig. 16.) 
With the .10.7-inch apinner the net efficiency was 6 to t5 
percent higher than with the 6- inch spinners. fhis dif- 
ference in efficiency due to spinner size for both posi- 
tions 4 and 5 suggests that the resulting wake is critical- 
ly affected by the spinner size for this round-'shank pro- 
peller mounted in the pusher position. The flow over the 
smaller spinner may be completely separated, whereas it 
may not be separated for the larger one. 
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Two cuffs, I and II, were used with tlie 6-incli- 
diameter, 12-incii~long spianer. The use of cuff I re- 
sulted in about 8 and 7 percent Inc in ©ffici«ney 
for positions 4 and 5, respectively (fig. 16). This in- 
crease did not, however, raise the efficiency up to that 
of the 10.7-inch spinneir in position 5. This inc^sase 
did, however, raise the efficiency up to that of the 10.7- 
inch spinner in position 4, and this is the only case in 
which the efficiency of the propeller with the 10.7-iach 
spinner was less thian that for the; propeller with the 6* 
inch spinner and a cuff. 

The propeller with cuff 1 1 in position ' 5 was ahout, 
5 to. 7 percent more efficient than without cuffs for the 
two-hlade angles tested. The efficiency in position 4, 
however, was only ahout l/2 percent higher than that with- 
out cuffs. The propeller with the 10.7-inch spinner was 
ahout 5 or 6 percent moire efficient than the 6- inch spin- 
ner with this cuff. 

In general, the propeller with the 6~inch spinper and 
cuff had a higher net efficiency than the 6- inch-cttameter 
spinner without cuffs, hut the propeller with the largest 
spinner had, with one exception, a higher net ef ficiehcy ' 
than the 6- inch spinner with cuff s. 

i^istance of t he -propeller behind the win g.'r- Of the 
two axial locations of the propeller, the one Clearer the 
trailing . edge had a slight Ij- higher net efficiency, with 
the exception of the 10. 7- inch spinner in the lower range 

°f • Os* ^ . 

Oojmp,a,rison^pf ..the 6101 and EfACA 7099 pr opellers.- The 
ISTACA 70*99 propeller having 16-series airfoil sections 
throughout also has much better shaiik sect tdhs .thian the 
6101 propeller. The pitch distribution was nearly con-, 
stant for a blade setting of 40° as compa.red with 15° for 
the- 6101 prcjpeller; this difference would also favor tiie 
HACA 7099 propeller for the . high blade angles investigated. 
With the 16-inch KACA cowling, this propeller resulted in 
a net efficiency 3" to 4 percent higher than did the 6101 
propeller. (See fig. 17.) ' Likewise, the- net efficiency . 
of the UaCA 7099 propeller in the tractor position with 
the 8-inc|i spinner and the extension shaft was 5 to 14 
percent higher than tiiat of the 6101 propeller. 
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These two propellet>s irere not tested with the same 
size of spinner in the pusher position, Mt figure 16 in- 
dicates that there would have heen 4ittle difference in 
efficiency for the same spinner size, fhe net efficiency 
of the 6101 propeller in position 5 with the 10.7-inch '. 
spinner was 2 or 3 percent higher than that of the KACA 
7099 propeller with the 8-^inch spiaher. Even with cuffs, 
the 6101 propeller with the 6- inch spinner did not have 
quite so high an efficiency as the HACA 7099 propeller 
with the 8- inch spinner,. 



Coaparison of Tractor-Propellet and 

Pusher-'propeller Arrangements 

The net efficiency of the 5101 propeller in the pusher 
arrangement with the 10i7-*inch spinner was" definitely high- 
er than that of the tractor arrangemeat with the l^ii'7*ii^ 
spinner. With the 6- inch spinner, the pusher arrangement 
resulted in a so-mewhat lower efficiency than did the trac- 
tor arrangement. It was pointed out in a previous discus- 
sion that the flow over the pusher spinner was critically 
affected hy the size of the spinner. Although the spinner 
size affects the tractor results, there seems to he noth- 
ing. critical regarding it. The fact that the pusher posi- 
tion is critical pay account for the superiority of the 
pusher position for the 10.7- inch- spinner arrangement and 
the inferiority for the 6- inch- spinner arrangement. 

The UACA 7099 propeller with an 8- inch spinier in the 
tractor arrangement had a somewhat higher net efficiency 
than with the 8- inch spinner in the pusher arrangem.ent. 
This propeller was designed with wide-shank sections and 
a large amount of twist tha.t would cause, high rotational 
losses if the rotation were not removed. With this pro- 
peller in the tractor position, the. wing would tend to 
reduce the rotation and to prevent separation. In the 
pusher position, however, the wing would, have no effect ' 
in preventing rotation; it is possible that separation 
might result, which would be apparent in a. low net effi- 
ciency. 

It is also likely that the 8-inch spinner was below 
the critical-diameter range< for the pusher position, even 
for a propeller with good shank sections operating at low 
lift coefficients. 



CON CLUBIKS; EEMAEES 



111 view'Of ttxe fact that the present tests were made 
at low Eeynolds ntWBters, the accuracy of . the results was 
relatiy,ely low. and consequently no clear-cut conclusions 
should 'he . drawn^ > Certain generalizations may he worth 
mentioning, however'. Of part icu la r' .importance is the 
fact that only a few of the det ermliiations of .the drag of 
the extension- shaft fairings indicated negligible drag. 

The net efficiency of a 'conventional round-shank 
propeller mounted on an extension shaft in front of a wing 
increased with an -increase in the diameter of the spinner 
and the shaft housing within the' scope of the tests. The 
largest spinner used had a 'diamete;r that might compare 
favorably with that of a radial engine fowling; this fact 
suggests that t^ractor extension shafts might not have any 
aerodynamic advantages over normal nacelle-propeller ar- 
rangem.ents. having cooling systems of" 'equal drag. 

The: 'efficiencies for the pusher positions appeared 
to he more critically a-ffected .by .©pinneT size than those 
for the tractor position. The spinners with large diame- . 
ters for thie. pusher, position resulted, in a high-er- effi- 
ciency than 'those for the corresponding tractor arrange-' 
ment; the reverse" was- true for*' the small 'spinners. 

The use of a combination of propeller cuffs and a 
spinner of small ;d iameter increased the values of the net 
efficiency in some instances to Values that were compara- 
ble with those recorded for. the large-spinner combinations. 

An ITA'CA prbp-eller desi'gned- with low-rdrag sections 
throughout and. having a large amount of twist waS'g.eneral- 
ly belbter than the convent ional- propeller tested,. 
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Figure 1.- Photograph of the pusher-propsller wing extension 

shaft arrangement tested. !£he 6-inch spinner, 
12.0 inches longi propeller 6101} position S« 



Figure 3.- 
Photograph 
of the tractor- 
propeller wing 
extension shaft 
arrangement 
tested. Xh@ 




(a) Tractor propeller 
figure 2.- Wing extension -shaft arrangements tested. 
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(b) Pusher propeller 



Figure 2,- Concluded, 4 
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Figure 3.~ Blade-form curves for the NACA 7099 

propeller.. diameter ,5 R, radius to 
the tip; r, station radiu^i b, section chords h 
section thickness? p, geometric pitchi p, blade 
angle* ■ 
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Figure 14.- Extension-- shaft and nacelle 
drag increments:. 
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Figure 4.- Sketch of the NACA cowling tested. 




Blade angle Angle between 

Cuff at 0.75R,deg sections A and B, 0,deg 

I .35 28.7 

II 35 40.1 
II 45 32.7 



Figure 7.- Cuffs I and II as used with the 6101 pusher propeller 

with an elliptical spinner of 6-inch diameter and 
12- inch length. 
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fo) The S-inch apinnep) propeller 6101) 
position 2. 

(b) The 8-inch spinner) propeller eiOli 
position 2. 

(o) The 10.7-inch spinnerj propeller SIOIs 
position Z, 

(d) The 8 -inch spinner i NACA 7099 
propeller; position S. 

(e) The 16-ineh 8pinner) propeller GIOli 
position e. 

Fi9ure S. Photographs of the troctoi — propeller 



(f) The ia7-inch spinneri propeller 6I0I| 
position !• 

(g) The lO.T-inch spmneri propeller 6IOI1 
position a. 

(h) The IS-inch NACA cowlinq> propeller 
* ' 6101, position 2. 3 I- r 

(i) The 16-inch NACA covylmgi NACA 
"7099 propelleri position S. 



wing extension-shoft arrangements tested. 

/MCA -22446 




(f) Th<8 8-inch spinneri N A C A 709S 

propeller i position S. 
(9) The S-inch spinner, 12 inches longj 
' ' propeller 6l01i position 4. 
(h) Tha S-mc(i spinner, 12 inches^ long i 
propeller SlOl.with cuffsj position 4. 
0) The 6-inoh spinner, 12 inches longt 
propeller 6101 with cuffs-, position 4-. 

The 10.7-inch spinnen propeller SIOIj 
^ ' position 4. 

Figure S. Photographs of the puSher-propeller wing esitension- shaft orrongennents tasted. 



(o) Th@ 6 -inch spinnsrs S inches lon^j 
prop«ll@r eioi| position S. 

(b) Ths S-inch spinner, IS. inches long; 
propeller SIOl with cuffsi position 5- 

(c) Tha S-inch spmner? 18 inehss lone) 
for propeller BlOlj position 5. 

(d) Th«i S-inch spinn»r; 14-13 inehss lengj 
propeller eioij position 

(e) The I0.7-inch spinnerj propeller 6IOIj 
position 5. 
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Fig« 9 




Figure 9„- Typical propeller-test results. The 6101 pusher-propeller extension- shaft 
combination with the' 6.0-inch spinners 12.0 laches long. 
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Co 

Figure lO.,- Lift and drag characteristics 

of the wing alone ^as indicated 
by the four measurements made during the 
extension- shaft tests. 
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Figure 13.- Extreme limits of curves of lift 
and drag characteristics for the 
wing extension- shaft combinations compared 
with extreme limits of the tests mad© with 
the wing alone ^ 
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(a) Fairings and spinners of 
6,0-, 8,0-, 10, 7-, and 16.0- 
inch diameter in position 
2 for propeller 6101, 



(b) Fairings and spinners of 
S^O-inch diameter in posi- 
tion 2 for the NACA 7099 
and the 6101 propellers* 
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(c) Fairings and spinners of 
10«7-inch diameter in posi- 
tions l,2jand 3 for pro- 
peller 6101, ^ 



Figure llo- Comparison of lift and drag characteristics of various wing 
extension- shaft combinations for tractor propellers^ 
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(a) Fairings and spinners of 
6.0- inch diameter and 6.0- 
12,0-, 14. 2-, and 18.0-inch 
lengths in position 5 for 
propeller 6101. 
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(b) Fairings and spinners of 
8.0-and 10.7-inch diameter 
in position 5 for the NACA 
7099 and the 6101 propellers, 
respectively. 



(c) Fairings and spinners of 

6.0-and 10.7-inch diameters 
in position 4 for propeller 
6101. ^. 



Figure 12,- Comparison of lift and drag characteristics of various 
wing extension-shaft combinations for pusher propellers, 
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Figure 15. 



Comparison of tractor-propeller extension-shaft 
arrangements for 6101 propeller. 
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Figure 



16.- 



Comparison of pusher-propeller extension- 
arrangements for 6101 propeller. 
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Figure 17.- Comparison of 6101 and NACA 7099 propellers in tractor and pusher arrangements 
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Figure 18.- Comparison of tractor-and pusher-propeller extension shaft arrangements 



